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THE 5= AND 6-YEAR GROUPS RECEIVED A LEARNING EXPERIENCE WHICH

AND 6 YEARS UF AGE CONSERVE QUANTITY WHEN GIVEN THE PROPER

- CHILDREN IN THE KINDERGARTEN, WITH SKILLFUL GUIDANCEy WORK WITH
"QUANTITY AS A MEANINGFUL CONCEPT. (GD) .

CONCEPT FORHATION' *CONCEPT TEACHING, *MATHEMATICAL CONCEPTS,
*COGNITIVE DEVELQPHENT: PERCEPTUAL DEVELOPMENTy MATHEMATICAL MODELS,

PIAGET®S THEORETICAL FORMULATION OF THE DEVELOPMENT OF CONSERVAT ION
OF CONTINUDOUS QUANTITY WAS EXAMINED. CONTROL SUBJECTS IN EACH OF TWO
AGE GROUPS (5 AND 6 YEARS) WERE GIVEN A COMPLEX TASK SITUATION THAT
IS TYRICAL OF PIAGET*S WORK. THESE SUBJECTS WERE ALSO GIVEN ANOTHER
TASKy "A MEASURE OF CONSERVATION OF QUANTITY THAT IS INDEPENDENT OF
PIAGET®*S THEORETICAL FORMULATION. EXPERIMENTAL SUBJECTS IN EACH OF

FOCUSED  ON LOGICAL -PERMANENCE PRIOR TO THEIR TAKING THE SAME INITIAL
TASK TAREN BY THE CONTROL GROUP., THE RESULTS WERE THAT .CHILDKEN 5

EXPERIFMCE AND THAT THEY SHOW STABILITY ACROSS TIME IN THEIR

CONSERVINGy THEREBY. INDICATING THAT THE OPERATION IS MEANINGFUL TO w
THEH. THE F INDINGSy . WHICH SUPPLY A CORRECTIVE TG PIAGET'S THEORY, -
HAVE WIDESPREAD EDUCATIONAL IMPLICATIONS SINCE THEY SHOW THAT
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CHAPTER I
INTRODUCTION
In this'étudy we shall exemine Piaget's theoreticalkformulatipn
of the develomment of conservation of (continuous) quentity. In The

Child's Concertion of Number, Piaget delincates in some detail what

he considers to be the processes by which the child comes to conserve
quantity. Utiliziﬂg a clinical-experimental method, he asserts that
the child passes through three stages of development. Stage I is
characterized by "gross quantity" or "uni-dimensional® quantity,

" which means to say that the child is eble to consider only a given
aspect of & quantity (such as height, cross section, number of glasses,
etc,) separately, as though it were independent of the othefs;lThus in
Figure 1, while the amounts in each comparison are the same,lsome chil-
dren will think, fbr instonce in comparison 1 thét there is less in
(B1 flua B2) than in A2 because the level of the 1iquid is lower ir
the former, Other children will think that there is more in (B1 plus

lpigure 1 i3 a graphic illustration of Plaget'!s procedure, The
child is first given two cylindrical containers of equal dimensions
(Al end A2) containing the some quantity of liquid, The 1iquid in Al
is then poured into two smaller containers of equal dimensions (31 and
B2) and the child is asked whether the quantity of 1iquid poured from
Al into (Bl plus B2) is equal to that in A2, We shall call this com-
parison 71, Tha child is asked to make subsequent conparisonz in sini-

lar fashion.
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B2) because there aroutwo glasses in cohtrast to the one glass, A2,
| Still others will think that there is'morc in A2 becausc it has "
laxrger cross section than oitﬁcr‘Bl or B2, _ _ | '
The child at stage II is, in Piaget's terms, having difficulty
with the *logical mltiplication of relations,® That is, the child

attcmpto’tc'coordinatc two or more aspects simultaneously, but without

success, For example, the child may soo.that'thc amount in (Bl plus B2)

is cqcal to that in A2, He.sees that the cross section is smaller and
the level of the liquid in B is lower thon that in A2, but that there
are two giasses,'Bl, B2 in controot to the one glass, A2, However, in
compariaoﬁi#7 wvhen he is askcdnto compare Al with (C1 plus C2 plus C3
plus C4), he mey think that there is more liquid in the latter, thus
failing in lovioal multiplication.

" Yet, even if the child were to succeed in logical multiplication
this would“not suffice for the conservation of quaniity. That 1s, in
comparison #5 the child maJ see that the cross section of the liquid
in C1 is less than that in B3 and that the heivht in C1 is more than
that in B3, But this is not sufficient to asccrtcin‘equality.‘What is

.'nccoccary is the division of quantity into units thet "are recognized

es equal nd yet distinct," At stage III the child *at a given mcment
o o o grasps that the differences compensate one another" and hence

conserves quantity.aﬂc sees for instance, that the loss in cross sec-

'2Ttalics mine,
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4
tion in C1 is componsated by its gain in height and therefore that the
amount in (C1 plué B2) is equal.td that in (B3 plus B4),

It is to be noted that Piaget bases his theory on a procedure |
tﬁ;t enploys & Qeries of taéks which are complex,ﬂas is evident in Pig-
ure lvqnd in the examples’presented in Appendix I, Furthermore, Piaéet
18 not consistent in his procedure from child to child and from age to
age; The series in Figure 1 was given to & child four years of age
(hwd). In Appendix I the procedures differ further,
| When one conaiderQ*the literature ;ne is indeed aurprised,laf.not
alarned, to see ;hat in fact characterizes the research that is beiné
. done rclevant’to questions and protlems that Piaget's findings impose,
Lovell and Opilvie (1950), for example, undertook a study of the con-
servation of substance in the school child in Englend, What they essen-

tially did was to replicate some of the experiments presented by Piaget,

In fact, an effort was made to stay as close to Piaget's-proceduré'as
vas possible, The invéstigatora did endeavor, however, to standardize

the ;'oéedufe; The measure that was taken was the proportion of chil-

~dren in a given gradé that could be "placed” in a given stoge, The

results were that Piaget's theory of three stages was upheld for the

“.most part, but that there was a good deal of variance in the findings
for a given stage, In a similar fashion, Dodwell (1950) confirmed l

Piaget's contentions on the child's understanding of number and relat-

od concepts, Yet he too found great variability in his deta. Such vari-

_ ab111ty raises serious questions regarding the valldity of Piaget!s

'theoretical position.




b . D
Consider another study by Lovell et al, (1952a). The situation
here 1s quite similar to that described mbove, This study also consis~

ted essentially of a replication of some experiments presented by

' Piaget, The unique aspect of the study was to compare educationally

subnormal children (ENS) with normal children using Piaget's stoges as
a framework, The experiments replicated wore taken from Piaget‘et al
(1950). The findings only "broadly confirmed" those of Piaget, Like-
wise, Woodward (1961) investigated the concept of number of the men-

. taliy subnormal and found that Pieget's intuitive and concrote steges
~ oould be seen in these children. With these studies it is evident that

a theoretical structure is being used with disparate groups prior fo
ndequgteévalidatioh.

Other studies characterized by replication of Piaget's experiments
are Lovell (1959) who investigated the child's conception of space and
Lovell and Ogilvie (1961) who reéeated Pieget's experiment on the con-
ceét of folumf. So too with Loveli.et a1, (1962b) who investigated the
gro*tﬁ'of logical structure utilizing Piaget's concepts, Elkind (1961a)
in this country set out to study the child's development of qunntitative
thinking. His was a "systematic® reflication of Piagot';“studies, which
means to say that it was a bit more standardized in procedure. Elkind
himself ;houghi that his uniqué contribution in this study was the use
of a statistical analysis on his dats, He considered i{he sbsence of
such io be & crusial factor with Piaget's studies, Elkind (1951b) pro-
ceeds li&ilarly in his study on children's discovery of ihe conserva-

tion of mass, weight and volume.
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It should be pointed out that some investigators h;fe endeavored

to examine Plaget's formulations though not directly related to that
of conservation of quantity. Braine (1959) examined. Piaget's formula-

"~ tion of both the development of concrete transitivity of length

(length measurement) and the development of position order in children, |

He found concrete transitivity approximately two or three years before |

‘the age at which Pleget claims it first becomes available to children.

Also, when the number of objects in a sequence waQ reduced, order dis-
erimination was elicited at an sge considerably earlier than the age at
vhich Piaget cl;ims it develops in children, However, Smedslund (1963)
found dats supporting Piaget agaihst Braine on the development of con-
orete transitivity of length, Ojemann and Pritchett (1963) exemined

the role of gulded experiences in the child's un&crstanding of tho con-
popt of specific gravity, The results were that guided experiences
faciliﬁ#ted the understanﬁing of spgqific gravity. However, it should
be pointed out ihat the postiest wns'quite siﬁilar to the preczding
training period in many respects‘andfihat‘the posttest differed from
the test Plagot had used. While the 1nvestigqtérp d4d give Piaget'a_.

test after their own posttest, the posttest served (1) as & transition

‘from training tasks to Pioget's tasks and (2) géka‘further learning

experience for Ss,
A study more directly related to conservation of quantity is that‘
of Prank (1964) in which, after giving a pretest of conservation of

liquid volume to children, a screen prevented observation of subse-

quent transformations in the liquid's appearance, The resulis were
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that the children of all age groups (four, five, six and seven years)

shoved increases in correst equality judgments., Frank considers this
to be an increase in conservation of liquid volume, But Piaget (1952),

would say that Prank was not meagur;ng conservation, What was measured

was logical permanence, That is, the responses 'It'g"the seme water,"
op 'Yoﬁ only poured it," refer to the foct that th; child is simply |
1dén£ifying“the vater in its final state as being one and the seme
water that was used in its initlal state. A child who conserves quan-
tity, on the other hand, is one whpflamentally equipped to see beyond
the pefceptual flluaion and conclude that the quantity of liquid,
~though diff'erent in appearance, is the same, | |

| In view of the literature cited”above, it would seem quite ap-
propriste to engage in & study £hat does critically analyze Plaget's
theoretical formulation of.conservation of quantity. Inasmuch as
Ping§£ bases his thesis upon an investigation involving a complex task
and a complex aituation for the child (and he is quite consistent in
rdoing this; see Piaget and Inhelder (1953) vhich deals with the pendu-
lum problen, inclined plane, and others; also, see Inhelder (1955)),
‘ this would seem to be an appropriate starting point.

. We ask, then, what essentially is Piaget measuring? Consider
Figure 2. The amount in Al is equal to that in A2, A2 is then poured
into container B and questions are then put regarding the equivalence
of tﬁe smount in Al with that in B, This operation may be symbolicclly







represented as followss
Al = A2 Given
A2 =B
o Al ubB
" We observe that it is necessary that the child see that A2 = B if he
is to make the correot inference. But this is a measure of logical

permanence beyond the perceptual illusion, That s, the child does

not heve to know that the amount that was in A2 is equal to that which
is in B, He simply has to see that what is in B is one and the same
1iquid that was in A2, It could, of course, be argued that the ohild
may be thinking ‘in teras of quantity. Even if this were the case, how-
ever, this would no;. free the operation fror the influence of logical
permanence, Piaget (1952) himself seems to have difficulty in keeping
the issue clear, For him, those who conserve qunx;tity "assuze it as a
physical and logioal nocessity,® They seo "the final and initial states
as boing identicel.” Indeed, in one instance it would appear that, by
conservation Piaget really means logical ﬁcmmence. The child who

discovers consorvation understands "that the liquid’remains the seme
since nothing _hj.dded to or subtracted from it." |

Again, from the paradign sbove, it is evident that while he may
. aﬁcceed in logical permanence, the child may not make the simple
syllogistic doduétive inference and hence still fail in Plaget's task,
At best, then, Pioget has an interaction measure, At worse, he is not

at all measuring conservation of quantity,

Z1talics mine.




~ OHAPTER II
PROBLEM AND METHOD
Piaget's theoretical formulation is as follows: The child's de-

velopment of conservation of Quantity is characterized by three dis-

tinct yot inseparsble stages, In the first stege the child can think
only in terne of‘grose quantity snd therefore is not mentally equipped
to understend or grasp conservation. In the second stage the child is

capable of logical multiplication in some instances and in others he

| is not, Yet he is not mentally equipped to understand conservation,
Only in the third stoge cen the child understend the equating of dif-

ferences and hence discover conservation of quantity,

It is the view of this investigator that children whon Plaget
would place in etages I and II can, with a special experience, conserve
quantity, This position is contrary to Piagetlwho holds that these |
children are not mentally equipped to conserve quantity, It is aiso

our view that Pisget is measuring logical permsnence beyond the per-

"ceptual illusion, which is different from conservation of qnentityt
Method |

8ubjects, The eubjecta were 100 echool chlldren, with 40 ehildren
in esch of two age groups, five years and eix years, and 20 children
1n s third age group, oleven years, selected (at each sge) at random
from the classrooms ol a representative elementary sehool in the South-

weetern,citw Schools. The five year group ranged in age from.5-2 to

5-11 with a mean of 5-7; the six year group, from §-1 to 6-11 with a
- | 10
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méon of 6-6} the eleven year group, from 11-1 to 12-11 with e mean

- of 117,

]

Experimental desigm

Control, 'l‘went:y Ss “(10, males and 10 females) in each of the five:
 and six year groups were given a oomplex task situation (Task P) that
is typical or representative of Plsget's work;\‘These Ss were also
given Task M; a measure of conservation of quantity that is indepen-
dent of -Pio.get'a theoretical formulation, Pricr to administering both
of these fasks, however, a'neﬁtral task requiriﬁg an amount of time
‘comparable to that sbent between E and the experimental group was given,
One-half of the Ss in each .age group (and in each scx) received Task P
followed by Task M. The other half received these tasks in the roverse
order, The data of the control Ss were collected prior to that of the

experimental Ss,

Experimental, Tﬁenty Ss in each of the five and six year groups
. received a _leai'ning experience which focused on logical permanénce
prior to their taking Task P, 'i'hese Ss were also given a spocial‘ ex-
periehce designed to facilitate the discovery of conservation of quan-
tity.prie!; to their being giﬁ'en Task M, Onef-half of the 8s in each age
group (end in enchAAux) received learning and Ta#k P, followed in one
‘week by .learning and Task ¥, followed in yet one weck by a rotest on | 1
Task H.i‘l"ha other half received learning and Task M, followed in one 1
veek by a rotest on Task K, learning and Task P,
After the data of the five and six year groups had been collected,

the 20 Ss in the eleven year group were deprived of logical permanonce




| 12
| prior to and during their taking Task P, In all instances, E worked
vith one child st a time, | |

Procedure

The neutral task. The neutral task entailed constructing either

‘& circus or a farm scene on & flannel board as a Joint effort between
E an& the control Ss, The.child was free to choose the scene he would
hakn and,‘sincc ther§ were many piecces (e.g., cloims, balloons, horses,
sﬁeep, etc,) within a given scene, could meke it as he deaired. The
primary function of the neutral task was to esteblish a constructive
working relationship between E and S comparchle to that provided the

- experimental group in the learning experience, |

Placet's task

The learning experience, S is shown the plestic containers repre-

sonted in Figure 5a, The large container is placed on a white mat
(Sra;ket in diagram) separating it from the two small containers which
also sre on a white mat, Both mats overlay a black covering on the |
entire surface of the table, E then says to S:

Here we have this container (box) and here we
have these containers (boxes), Is this box different
from these boxes (E gestures to the szall containers)
or is this one (large) the same as these? (E puts a
smaller one next to the larger one and then into the
(larger one). How is it different? (E then uses the
terms that S uses),

Let's put some kooladelin here (S helps E pour
into the large box). It's not really koolade, bu’ we'll
make believe it is, O.K?

: 1Redf’éod coloring, with a concentration of six drops per
half=-gallon,
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‘Let's see how the koolade looks. (E gestures,
pointing out its shellowness and squareness), It's
this way, And it's this way, You can stand up and look
at it from the top. =~ |

Now let's do this, (E tilts big box so that it
stands on its corner,) Did we drink any of the koolade?
(Or, we didn't take any koolade out of the box, did we?)
Pid someone come in snd give us more? So is there the

- ssme koolsde in the box like this as there is 1like this
(flat)? It looks different like this (tilted), doesn't
it, How does it look different? Is it the same koolade?
(E sets box down,)

Would the koolade look different if we put it in
these (using S's term)?2Let's see how it would look,
Here (in the big box) it's like this and it's this way
(E gestures), 0.K., let's put our koolade in these (using
S's terms), (While'E and S put koolade in smaller boxes)
We didn't drink sny of it, did we, And no ono came in
and gave us ony more, (After E and S pour) Now we have
a1l of our koolade in here (see Figure 3b), Is it the
same koolade that was in here (larger one)?! Yes, it is
the same, But it looks different in these, doesn't it,
Before it was this way (shallow), Is it this way (shallow)
here? No, it isn't, And look at these from the top, Be-
fore it wes this way (large square), And now there is
this one end this one (E gesturing, pointing out smaller
. squares, using S's terms when possible), Is it the same
koolade that we had in here (larger one)? Yes, it is the
sane, . -

(E and S then pour the koolade back into the larger
box, making the same observations,) |

This procedure is then repeated, using containers in the shape of a
frustrun of a pyrimid shown in Figuré.#,

| Task P, This task (#ee Pigure 5) represents a typical series of
manipulations by Plaget insofar as i£ includes the types of variation
(change in cross section, lgvel; numﬁer of glasses etc,) that he

employs, It is sippier than Picget's procedure (see Appendix I), |

2g eliminates this question when going back from the two smaller
containers to the larger one, ’

.

©
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however, in that the variation is systematic, i.e., the change in
nunber of glasses is no“more th;n from one to two (e.g., from Al to
Bl plus B2), the change in level of liquid is constant for a given
change in cross section (e.g., the level in Bl equals that in B2),
and the number of comparisons that S makes are fewer (namely, f’our).5

8 is shown tho plastic containers Al and A2 (Figure 5) which are
Placed on a black mat covering the entire surface of the table, £ then
ssys to S: |

Here we have these containers., Let's see if they
are the same., Are they the same this way? (E puts one
" eylinder on top of the other, demonstrating sameness of
eircumference,) Yes, they are the same this way, aren't
they. Are they the same this way? (E demonstrates equiva-
lence of hoight) Yos, they are the same this way. So this
one is the same as this one, 0.X?

Do you have a nice friend? ‘that's your friend's

name? Alright, let's make belicve thet this is 's
. éontainer %Al) and that this is your container !A2,, 0.K?
8o 's container and your conteiner are the sane,

(E pours the same amount of koolnde into emch con-
tainer.) Now has some koolede to drink here (Al)
and you have just as much koolade, the same smount of
koolade to drink here (A2). So _ snd you have the
same anount of koolade to drink. |

Now puts his koolade in here (from Al into
Bl plus B2) Iike this, (S is then asked to meke conpari-
son #1): Do and you now have the same amount of
koolade to drink or do you have different amounts to
drink? Why do you think it's the same? (Or, why do you
think it's different? Should these questions fail to
111icit a response, E may then ask) Does someone have

 JIn this regard, it should be noted that Smock and Inhelder (1966)
d6 not heve a procedure that is typical of Piaget, since they have
eliminated some types of variation that had serious bearing on the
derivation of his theoretical formulation, i.e,, change in number of
glasses and change in the r2 factor (see below).
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more to drink? (Or, if S thinks the smounts are differ-
ent, Yho has more to drink?) Why? :

E then pours the 1iquid from A2 into L sand § iz asked to make compari-
son #2 (the koolade in Bl plus B2 compared to tﬁnt in L), with the

| same queat1§n¢ being askod., The procedure continues with E then po&r-
ing L into D and thé shild asked t; make comparison f5, followed by
E's pouring Bl into C1 and the child asked to moke comparison ff4,
While S observes E's pouring procedure, for each comparison only those
oylinders containing koolade are visible to S, Task P was given to‘nll
8s iﬁ th? five and a?x yeaf groﬁps without variation, |

Logical permanence deprived, S is shown the containers A2 and

| Bl plus B2 (Figﬁre 5) which are placed on a black mat, E then pours
koolade, the amounts of which are the same as that in Task P, fronm
white opaque pitchers into A2 and Bl plus B2, S is then ssked to make
comparison #1, with the seme questions asked as above, ¥hen S would
be less than certain in his replies, E would press him for a defini-
tive answer. E then empties A2 into & white pitcher and replaces A2
with container L, E pours from a pitcher an ﬁmount of koolade into L
equal to what was in A2 and S is then asked to make comparison #2,

In similar fashion S 1s asked to make comparison #3 and #4, For each

comperison only those cylinders containing koolade are visible to S,

Conservation of quentity

The special experience., S 1s shown two plastic containers, a

smaller part and a larger part, represented in Figure 6a. Both parts
sre placed on a white mat (bracket in diagram) separating them from

another white mat on which in intact container will subsequently be
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placed, Both mats overlay a black covering on the entire surface of
the table, E then says to Sé

Here we have these pleces, They go together so they
f£it, Let's put them together, 0.K? (S does so, with E.
' helping if necessary,) Thers. Now it's together, What
does this (now joined container) look like to you? We
can oall it anything we want, (E subsequently refers to
the joined container using S's term, e.g., "house," "star®
étc.; It's a pretty star, isn't it? We can take the star
epart (E does so) and we can put it back together again
(E does s0). . -

Do you have a nice friend? What's your friend's
name? Alright, let's get a star for 5 0.K? (B
does so0,) . . I

Hore is a star for (the intact eontainer
shown in Figure 6b) and it looks a lot like ours, doesn't
it? Let's see if they are the same, (E puts the intact
container on top of the joined container, demonstrating
sanmeness of sides, perimeter,) Are they the same this
way? Yes, they are the same this way, aren't they, (E
then demonstrates equivalence of height,) Are they the
sgme this way? Yes, they are the same this way. So

: 's star is just the same as our star when our star
. is together, 0.K? (E mekes espocially clear this latter
qualification,) : .

Now did you ever sell lemonade or orangeade? Did
you sell some with your friends? Well, let's make be-
lieve that we're going to sell some koclade, 0,K? We're
going to sell some koolede in our star and is
going to sell some in his star, (Should S not be famil-

~ 4ar with the game children play, E replaces the verb
"sell® with simply the suxiliary verd "have" in what
follows,) .-

So let's put some koolade in our star, 0,K? This
is not really koolade, but we'll just make believe it's
koolade, (2 and S f£ill joined container 1/4 full there-
by bringing level of koolade to 1-1/2 inches from the
base, E making sure the levels in each part are equal.)
There., Now we have pretty red koolade in our star, (E
has S stand up and observe how the koolade looks in the

- joined container., See Figure 7a,) | y
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. Well, wants to sell just as much koolade
as we have in our star, wants to sell the same
smount of koolade that we have in our star, So let's
give our koolade to (E pours koolade from joined
container into intact container.,) Now has'zust

‘as much koolade in his star as we had in our star (the

koolade looking the same in the intact as it did in the
joined container, the level being 1-1/2 inches from the
base. Figure 7b).4 \

f
‘ , Now I'm going to borrow this part for a moment, but
I'11 bring it back., (E takes smeller part and brings it

to edge-contact with the intact conteiner, Figure 7c,)
We'll do this (E £ills smaller part to the same level

as the koolade in the intact container, Figure 7d, E

then brings smaller part to edge-contact with larger part, -
Figure 703. Do we now have just as much koolade to sell

?
(If S thinks thot he has as much koolade as that
in the intact container, E end S join the parts and place
the joined container on the scme white mat as the intact,
See Figure 7f. E then works with S, showing him how they
differ, E then puts parts back at edge-contact as shown
in Figure Te.)
After S understands what has to be done) You put
in here (larger part).so that we have just as much kool-
. ade as (E hending S vhite opaque pitchers to do
so. E also gives S o stainless steel scoop.) You cen
alvays take some out with this, if you need to., (As S
pours) e want to have just as much koolade to sell as
has, After S is satisfied that the amounts are
equal, as in Pigure 7g) Yhy is it the same amount? (S
mey then join the parts as shown in Figure 7h.)

There's one way we can find out, (E snd S put parts
together and place joined container on the same white
mat as the intact container,) You're right! Now we have
Just as much koolade to sell as __ has (E gesturing,
pointing out how the quantities are equivalent), 1

(If S is wrong,) Is that right? Do we have just as 1
much koolade as ? (E shows S how the two quan- =~
tities differ.) Make it so that we have just as much as 1
— (E handing S o scoop or & pitcher, If S has

Athe intact container was fitted with an sdjusted base thickness
to provide for equivalence of both liocuid volume and height of liquid
from outside base with that of joined container,
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difficulty at this point, E helps him), Nox we have the
same amount of koolade as « (E thex puts joined
container. back on S's mat with parts at edge-contact,
as shown in Figure 7g.) Why is it the saome amount? How
can we tell for sure? (E and S put parts together again
snd place joined container next to intact conteiner. )
You're right, We have just as much koolade to sel. us
~ (E pointing out equivalence).

(E then empties the joined conteinor and places it
on S's white mat.) Now I'm going to borrow this part for
a moment, but I'll bring it back, (E takes larger part
and brings it to edge-contact with the intact conteiner.,)

. We'll do this (E fills larger part to the ssme level as
the koolade in the intact container, E then brings lar-
ger part to edge-contact with smaller part), Do ws now
have just as much koolede to sell eas ? (The pro-
cedure is then the same as that above,

The entire procedure is then repoated,.only.this time using the con-
tainers represented in Figure 8. They are filled 1/3 full thereby
bringing.level of koolade to 2 inches from the base,

‘_1'_9_1_:_ M. S is shown two plestic ‘containers, a‘smaller part and a
laréef-part, represented in Figure 9, Both pﬁrts are placed on a white
mat separating them from another white mat on which an intact container
will be subsequeﬁtly Placed, Both mats overlay a black covering on the
‘entire surface of the table, E then says to S:

Here we have these pieces, They go together so tley
fit, I'11 put them together (E does so), There, Now it's
together,

(E then presents the intact container, shown in
Pigure 9,) Here is another conteiner, It looks a lot
like that (joined) one, doesn't it? Let's see if they

~ are the seme, (E puts the intact container on top of the
joined container, demonstrating sameness of sides, peri-
meter.) Are they the same this way? Yes, they are the
seme this way, aren't they. (E then demonstrates equiv-
alence of height.) Are they the same this way? Yes, they
are the same this way., So this one (intect) is the sanme
as thet one (joined) when it's together, 0.K?

-
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~ade (here, on S's mat) as hes?

Do you have a nice friend? What's vour friend's
name? Alright, let's make believe that this is 's
container and that this (joined) is your container, O0,.X?
So 's container and your container are the same.

Now let's put some koolade in 's container (B
and 8 £il11 intact container 1/8 full thereby bringing
the level of koolade to 3/4 inch from the base), This is
not really koolade, We'll just mako believe it's koolade
0.K? 8o ___ has this koolade here, This is your con-
tainer, isn't it, Now I'l1 do this (E takes smaller part
and dbrings it to edge~contact with the intact container,

- £41ling it to the sams level as that in the intact. E

then brings smaller part to edge-contact with larger
part, See Figure 10a), Do you now have just as much kool-

. izr S thinks the
quentities are the same, E will says ell then, lot's do
this, E will then proceed with rest of experiment.) Well,
you make it so you have just as much koolade as

. has, (E handing 8 a pitcher and a scoop) You cen put

some in with this (pitcher) or toke some out with this
(scoop). (After S has mode adjustment) Why do you think
it is the same?

(E then empties the joined container end places it
on 8's white mat, putting parts at edgc-contact with each
other, E and S then put more koolade into intact contain-
er, filling it 1/4 full thereby bringing level of kool-
sde to 1-1/2 inches from the base,) Now I'll do this (The
procedure is the same os above. See Figure 10b).

. (B again empties the joined container and places

it on 8's white mat, as above, E then empties intact con-
tainer to 1/8 full, bringing level of koolade to 3/4 inch
from the base.) Now 1'11 do this (£ takes larger part

and brings it to edge-contact with the intact container,
filling it to the same level as that in the intact. B
then brings larger part to edge-contact with smaller part.
See Figure 1(’c), The procedure is then the same as above,

(B empties the joined container and places it on
8's’ white mat, as above, E and S then put more koolade
into intact container, filling it 1/4 full, bringing
level of koolade to 1-1/2 inches from the base.) Now I'11

do this (The procedure is the same as the immediate cbove.

See Figure 10d), _ .

A e P
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There are thus four measures of conservation of quantity. In each case,

in order to conserve quantity it is necessary that S £ill the proper
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container to the froper level. While no verbal explenation is required

in this operatiﬁn; E inquires as to S's thinking, The photogfapbs in

_ Pigure 11 show the relative size of the plestic containers to a typical

child Cindy, 5-10, Pigure lla shows the child moking the necessary
adjustment which is seen in Pigure liﬁ. WYhen asked the reason for hor

action, she joined the parts as shown in Figure llc and explained,




OHAPTER IIIX
RESULTS AND DISCUSSION

Aﬂalxsis of varicnce ;_(_1

From Table 1 we see that the main effect of (eiporimental-conti'ol)
condition is signizﬁ.'cant. This means that the learning experiences for
Task M and fbg Task P had a significont effect, When we consider tﬁe
‘AD interaction we find that the differonce between experimental and
control éonditions varies by trestment levels (Task M and Task P). This
is evident in Figure 12a where it is clear that the special experience

| Table 1

Analysis of Variance I

“,.
,-b

Source MS . P

4

-
0

Between Subjects
Sex (C)
Condition (D)
Age (E)

CD

CE

DE

CDE

5(CoE)

20906 2,525
182,756 118,059
18,906 12,213
12,656 8.176
«006 .004
31506 20.35%
«306 +198
'1.548
Within Subjects
. Treatment (A)
AC
AD
AE
ACD
ACE
.ADB
ACDE
AS(CDE)

23.256 16.915
1,806 1.218
29.756 21.720
1,406 1,026
.305 o223
5+256 5 836
2.2% ‘
1,370

R‘n—-uo—nuwuuwg ﬁt-n-n-n-u-u-u-

| IStandard repeated measures ANOV designs vere used throughout ’
, %5 o
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for Task M had e greater effect on Ss (in each ege group) than that
for Task f.“Tuble 2 gives the analysis of tAose differencos.obfained
by the Newman-Xeuls (Winer, 1962) procedure.2 Here it con be seen
that the experimental Ss performed better on each task than the con-
trol Ss 6# either Task M or Task P, We see also that the experimental
Ss did significantly better on Task M than on Task P, This latter
finding is represented in Figure 12b,

We see by the DE interaction (Figure 12¢c) that the differences

between exper.mentel and control conditions varies by age (five and

six year olds)',A with the greater difference being observed between
the six year olds. This is seen to be the case for each task, The
malysis presented in Table 3 shows that the e,.perimental Ss in each
uge group pert‘ormed better than either the ﬂve or six year control
8s. It is also evident that the experimental six year olds aia sig- |
nificantly better than the experimental five jear olds (see Pigure
12d4).

"»hen we consider the five year group, we f£ind that the experi-
mental Ss did significantly better (p<.01) on Task M than control
Ss. In the six year group, experiméntal Ss performed better (p4.01)
than control Ss on each task, | | | | | ~

Tﬁa. CD interaction (Figure 12e) indicates that the experimental

and éontro)._ differences vary by sex, with the greater difference

treating a1l main foctors as fixed md Ss as randon.

2%he Nemm-Keuls method was used for all tests on differences
betwoen pnlrs of means,
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Table 2

Tests on,Di.ffcrencoé between All Pairs of Means
' for AD Interaction

& : AlD2 A2D2 A2D1 AIDY
| AlD2 - «1000 1.3750 %.0000
| . - A2D2 - 1,2750 2. 9000
e A2D1l | - 1.6250
1 - AlDY -

r2  y=3  reh
a,99(r, 72)  3.75 427 k.58

MSerror '1,9‘9(!'3.72) o713 811 870
T3 > | |

ALD2 A2D2 - A2D1 AID1

AlD2 . , "7 T o

A2D2 . | B 1 B

AcDl *k
*p&ol

- Al equals Task M
A2 equals Task P

Dl equals Experimental
D2 equals Control '
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Tablo 3

Tests on Differences between All Pairs of Means .,
for DR Interaction

*

D2p2 D2R1 D1E1 D182

«3250 5250 1,7750 35,3500
D2R2 - +2000 1.4500 3%,0250
D2E1 - 1,2500 - 2,82%0
DIEl R 1,5750
D1E2 -

r=2 ' r=3 r=f

error 4,99(r, 72) «750 854 916
,L"WHI"‘

D2E2 D2E1l DIEl D1E2
- D2E2 . . (1) ™
. D2E1 e .
D1El : ‘ %
DIE2 "
**p{.01

Dl equals Experinental
D2 equals Control

Bl equals Five yoar olds
E2 equals Six year olds




" Table 4

Tests on Differences between All Pairs of Means

for CD Interaction

c1p2 can2 c2n1 - Cc1D1
« 5000 «5500 2,125%0 %0000
c2DR - - 1.57%0 2,4500
°2D1 - .3750
ciDl -
r=2 r=3 r=d
| q,99(r, 72)  3.75 427  4.58
Berror 4,99(rs 72) 750 854 916
c1D2 c2D2 ¢2D1 Cc1Dh1
c1D2 *k %
.02D2 *& %
02Dl o
o1
“##pL.01

Dl equals Experimental
D2 equals Control
¢1 equals Male

'C2 equals Female

'
S Py W W
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observed between the males. In Table 4 it can be seen that the ex-
perimental Sa in each sex periformed better than either tho male or
| female control Ss, We see too, that the experimental males did sig-

nifisantly better than the exporimental females (see Figure 12f),

Analysis of varlance II
| Table 5

Analysis of Variance II

| Source df K5 F P
} Between Subjects 39 :
’ Sex (C) 1 21,675 6.486 £.05
| Age (E) 1 63.075 18.873 &£..001
| CE 1 1.408 421
8(CE) - 36 3.342
¥ithin Subjects 80
Treatment (A) 2 32,708 32.161 <£.001
AC 2 175 172
AE 2 2,275 2,257
ACE 2 3.908 3,843 <.,05
As(CE) 72

1.017

Prom Table 5 we see that the main effect of treatment is signifi-
cant, In this analvsis there are three treatment levels: Task P, Task
M and Retest on Task M, It is evidont in Teble 6 that the peffomance
of the experimental Ss in cach age group on the retest did not differ

" significantly froxﬁ their initial porformence on Task M. From this
retention measure it would appear that conserving quantity was meaniimg-
ful to these five and six year olds;

Analysis of variance III

It is evident in Table 7 that the main effect of age 1s signifi-

cant, In this analysis there are three age lovels: five, six end

' _ :‘:: o e o




Table 6

Tests on Diffbrencos between All Pairs of Means
for Treatment as s Main Effect

a2

A> A2 . Al
| 1750  3.2500  3.37%0
AB - 105000 1062%
A2 , - 01250
Al -
=2 r=>3

q,99(rs 72) 3,75 427

I/"Serror q,99(r, 72) 600 . .685
nj

A A2 Al
A3 S,
A2 ' NS
Al
"*pGO0T -

Al equals Task M
A2 equals Retest on Task M
A3 equals Task P
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eleven year olds, We see in Table 8 that the experimental six year

olds did significantly better than the experimentsl eleven year olds

Teble 7
Anslysis of Veriance III

Source ar MS ) 4 P
Between Subjects 59
Sex G; 1  3.7% 2,011
Age (E 2 20,267 10.867 £.001
CE - 5.000 2,681
8(CE) - 54 1,865 ’

e

on Task P, These data would indicate the extent to which the learning

experience in logical perrmanence facilitated the porformance of the

- 8ix year old Ss on Piaget's task.

Pfotocola

Some typical protocols are here presented to show the kind of
thinking Ss verbalize during the operations themselves,’

Jacqueline, 5-5,

Pentogon, (S helps E in filling smaller part to the
same level as intact, The situation then is as shown in
Figure Te. Do we now have just as much koolade to sell
Y ?) Uh-uh (meaning "No,* E then works with §),

(After S is satisfied that the amounts are equal, &8 in

Figure 7g, Why 1s it the some amount?) We have our whole
dismond full, (Show me. E helps S in her joining the
parts,) : ‘

(Procedure repeated, using larger part, Referred to as
Round 2, S agein helps E in establishing equivalence of
levels, as above,) You need some more, %How's that?) Fine,

SThe protocols selected are representative of those of the
total sample, :




Tosts on Differences between All Pairs of Means

Teble 8

for Age s & Main Effect

« 1900

q,99(r, 54)

error 9 99(r, 54)
L Ny

FpG01

El

2,700
2,0000

1.5500

equals Five year olds

E2 equals Six year olds
E3 equals Eleven yeer olds
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(Do we now have just as much koolade to sell as 1)
No (Clearly). (What are we going to have to do?} Get
some in here (smaller part), |
(¥hy is it the same amount?) In the whole diamond. (What
is?) This and this one (parts). (I.e., the koolade is
in the whole "diamond.")

Kite. (See Figure 8. 8 helps E with levels, How's
that?) Whoa, That means "stop," .

(Do we now have just as much koolade to sell as )
Uh-uh,

(Why is it the seme amount?) 'Cause we have some in here

snd here (parts). In the whole dismond, (5 may have join-
‘ed parts here,) ‘

Round 2, (S helps E with levels, How's that?) No, a 1it-
tle bit more. There. '

(Do we now have just as much koolade to sell as ?)
Uh-uh (assertively). (S advances the information that
she understands what has to be done, i.e., £ill other
part and put them together,) ‘ »

(S overpours, elects to take some back out,) (Why is it
the same amount?) Because . . . (Go ahead) 'Cause we
poured some in the whole diamond, (S mey have joined
parts, here.) |

L ]

‘i‘uk M. (See Fizure 10a. S helps E-with levels,)
Little bit more, There. |

(Do you now have just as much koolade to sell as f)
No (clearly).

(After S has made adjustment, 'Why do you think it is ihe
ssme?) It's the seme mountein, (How do you know?) !'Cause,
you put that one (smaller part) over here (next to intact
o o o Just as high and then I poured some (in larger part

~ Just like in this (smaller part)., (And why does, go ahead,
vaat were you going to do? S then joins parts,) -

~ Round 2, (See Figure 10b. S helps E with levels.)

(Do you now heve just as much koolade to sell as
No (clearly). (S overpours and corrects,)

—1

45




(Why do you think it is the samef) 'Oause, I got s whole
mountain, (How is it the same as his?)

Round 3. (See Figure 100, S helps E with levels.)

(Do you now have just as much koolade to sell as ?)
No (clearly). He has more than I do (snd S lmows why),

(8 overpours deliberately. She likes the stainless steel

scoop and delights in using it,) It's higher, (S corrects.)

(W?y do you think it isithe seme?) Put it together (S does
; : 80 Py \ A .

Round 4, (See Pigure JOd.)

(Do you now have just as much koolade to sell as 7)
No (S overpours). That's too much (8 corrects, using the
scoop). S

(Why do you think it is the same?) 'Cause I put some more
in, (Why does that make it just as much as ?) :
'caus;. I poured some in the whole mountain (S joins the
parts).

Notice that S distingulished between equivalence of height and equiva-
lenée of quantity. Note too, that the operation allowed for this
distinction, It is clear that S consistently conserved quantity;.
Of the experimental Ss, 1% out of 20 fiv; year olds consistently
(four timos) conscrved quentity and 16 out of 20 conserved quantity
at least oﬁce..For the six year olds, 19 out of 20 consistenfly con-
served and all of them conserved at least once, By cohtrast, the
’respectiv§ figures for the control Ss are 1 and &4 five year olds énd

1 and 3 six year olds, Why didn't the control .Ss conserve quantity?

The following protocol will show the major reason,

J effroy 9 6‘5. .
Task M, (Do you now have just as much koolade to sell
as ?) Yes. ' : ‘ _

Round 2. (Do you now have just 2s much koolade to sell as
') Yes. - ) .
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Round 3, (Do you now heve just as much koolade to sell
as ?) Yes (voluntarily), . :

Round 4. (Do you now have just as much koolade to sell
as . ?) No,

(S puts more in larger part, Why do you think it is the
same?) 'Cause @hﬁy look about the same, (How do you meant?)
The seme height, .

Olearly; S is here ihinking in terms‘of equivalence of height and not
.at all in terms of quantity. It could be argued that 8 is thinking in
terms of quantity and that he is simply using a diffeerent word for it,
‘This is hardly possible, however, in Task M. When, for instance, S is
presentéﬂ with the situation in Figure 10a, oply one thing is equiva-
lent, viz., height of koolade, When E had S stand uf and look over
the containers, S yet mnintaincdvthat there was equivalence, In many
instances E would ask S to show him what he meent by "Yes," Aimost
~without variation S would éesture to t%? height of koolade in the in-
tact contal-er and other part, in some cases putiing the latter ad-
jacent to the forgef. Let us look at Jeffrey's pfotocol on Piaget'é
task,

Jetfroy, 6-3.
A Task P. (See Figure 5.)

Comparison #1, (Do and you now have the same
anount of" koolade to drink or do you have different
amounts to drink?) They're just the same, (¥hy do you
think it's the same?) 'Cause you poured that water? the
same, it was just the same as this (A2) and now it's

~ (A2) the seme as that (Bl plus B2),

Comparison #2, That's a big one (L). (Do sand you
novw have the same amount of koolzade to drink or do you °

41talics mine.,  STtalics mine.




have different amounts to drink?) I got more than Keith
(¥hy do you think it's different?) 'Oause it's higher,

Comparison #3. (Do and you now have the same emount
"of koolade to drink or do you have different emounts to
drink?) It's a different amount., (Why do you think 1t'
different’) 'Cause mine is lower (D). .

| Oomparison‘#h. (Do and you now have thc same amount
-of koolade to drink or do you have different amounts to
drink?) I don't have as much as him, (Why do you think
it's different’) 'Cause his is higher,
-..clearly, S's correct judgmqnt in the first comparison is due to his
scoing logical p;rmanenco. He is not at all thinking in terms of
| "quantity. In the second comparison (ahd in the rest that foilow) he
is thinkingfsihply in terms of height and 1§onerwhe1mcd by the
~ perceptual illusion (see below), -
We see then, that Ss, when asked of quantity ﬁany times think
only in terms of height equivalence, But Piaget'sAtask necessarily
1nv61ves change in height withAduantity constant, He therefore has
further error vériancg 1n1h13 measure, Since this is the case, how
can Piaget possibly postiulate that height‘(br, "uni-dimensional
quentity") is generic to conservation of quantity? | | i
Ve shall now consider the protocol of a S who took Task P .

deprived of logical permanence,

 Eathy, 12-0.
Task P,

‘ Comparison #1, (Do and you now have the same
| snount of koolade to drink or do you have different amounts

to drink?) Well, it looks like I've got less (A2), but
hers (Bl,B2) sre so much smaller than that one (A2),
probably about the same, (Why does it look like it's less
‘%o you?) Well, because it (A2) isn't as high and there's
two containers over there. (If you had to say exactly,
what would you say?) Well, if Janet was in here, I'd say,




“You've got more than me." (Why does it lock that way?)
. Well, because this container (Bl, B2), since their smal- ;
- ler (circumference), it goes up high when you £i1l them,

sand, since that one's bigger (A2), it just doesn't seem

as much, :

Comparison #2, (Do and you now have the same
smount of koolade to drink or do you have different
smounts to drink?) Well it looks like I've got nmore,

but it's probably the same, (If you had to say exactly?)
I'd say I have more, (Why?) Because it goes up higher
than the other ones (Bl, B2),

Comparison #3, (Do and you now have the same

smount of koolade to drink or do you have.different

amounts to drink?) Janet's got more than I do, She has

(S's emphasis) to! (Why do you think so?) Well, because

it only looks about half-an-inch high in there (D).

Comparison #4. (Do snd you now have the same

amount of koolade to drink or do you have different

smounts to drink?) Well I think that in that smaller one

(C1l) that you've got the same amount as you had in the

bigger one (Bl), so it seems the same as befors and that

she's got more,
Here we have an explicit case which points out the problem of the
perceptual illusion in Pisget's task, As we have seen, Piaget (1952)
himself is cognizant of these illusions and holds that the child hust
sce beyond them in his task, However, o meajor source of the illusion
§5 found in what we shall call the r2 factor: the square of the
radius‘ﬁhich mekes the changé of liquid height #arx from container

*to conteiner, This means that the force of £he perceptual illusion

varys from cpmparison to cdmpArison. In Kathy's case, this force is

seen to be at work in her first two comparisons and in thé third she

45 overwhelmed by it. And Kathy is twelve yoars old!

The following are protocols of experimental Ss on Task P,




Pat’ 6"4.
' Task P,

Comparison #1, (Do and you now have the same amount
of koolade to drink or do you have different amounts to
drink?) She has the same as us, (Yhy do you think it's
‘the same?) She just took her big barrel (A2) dumped it in
two little ones (Bl plus B2), And it's still the same ,,.
sodumped it in 1little ones, and that's two,

Comparison 2, (Do and you now have the same
amount of koolade to drink or do you have different
amounts to drink?) The same, (Why do you think it's the
same?) 'Cause, I've just got a big one, We poured my
barrel of koolade in a bigger one (L), she poured hers
in two little barrels,

Comperison #3, (Do ~ __ and you now have ths same
snount of koolade to drink or do you have different
smounts to drink?) %e still have the same as Susie., (Why
do you think it's the same?) I just got a wider one and
bigger (D). Wider, I mean, (How do you know that it's
ust the same?) 'Cause my big barrel (A2) metched hers
Al), We had the same amount in our barrels snd we just
put them in, she just put them (it) into those little
ones (Bl, B2) and I put mine in a great big glass (L)
- and I put it in the swimming pool (D) and we still have
the sane amount,.

Comparison #4, (Do ~ and you now have the same
smount of koolade to drink or do you heve different
amounts to drink?) The same. (Why do you think it's the
same?) 'Cause she just poured her barrel (Bl) into a -
. 1ittle one (C1), all of it, and she's still got a big
barrel and a little barrel and it's still the same as
mine, If she had this one (D), it would be the same
amount as ours would be (is),

Teﬁesa, 6-6.
T‘Qk gob

Oomparison #1., (Do snd you now have the same
smount of koolade to drink or do you have different -
 smounts to drink?) It's not a different amount to drink.
(Why do you think it's the same?) You just poured that
in hers (B1 plus B2), -

Comparison #2, (Do and you now have the same
amount of koolade to drink or do you have different

S e e b TR
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amounts to drink?) It's not a different amount to drink,
(Why do you think it's the same?) Because we just took
4t and poured it in here (L). S |

Comparison #3. (Do - and you now have the same
smount of' koolade to drink or do you have different
emounts to drink?) Ssme amount, (Why do you think it's
the seme?) "Couse we just took the tall rocket (L) and
put it (koolade) into this (D). | _

Comparison f4, (Do . and ygﬁ now have ihe sane
smount of koolade . to drink or do you have different
smounts to drink?) Same amount. (Why do you think it's
' the same?) Becauss you-took this and put it in this (C1),
It is evident that ths#o Ss clearly see logical permanence and con-i
sequently make correct jﬁﬂgments. Of the experimentsl Ss, 13 out of
20 six year olds consistently (four times) made correct Judgments
"and 15 out of 20 did so at least once. This is in contrast to their
controls whose respective figures are 1 and 4, We see therefore that,
while there is seriéus error variance in Piagét'sApfoéedure, those
Ss who benefited from the learning experience and eould sbe logical
permanence Quccceded in this task, |
¥e shall now consider snother protocol of a S who took Task P

deprived of logical permanence,

Jerry, 1ll-1,
T‘Sk _P_ °

Conparison #1, (Do and you now hsve the sams amount
of koolade to drink or do you have aifferent amounts to
‘drink?) I'd sey I had more. (¥Yhy do you think it's dif-
ferent?) I don't know. (Can you say why?) 'Cause of the
size of this (A2), (You mean because it's this way around?)
Uh"huh °

Comparison #2., (Do and you now have the sare
smount of koolade to drink or do you heve different
amounts to drink?) I don't know. (Does someone have more
to drink?) I don't know, I'd say that Bradd (has more).
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~ (Why do you think it's different?) Ho's got two of those |
© things (Bl plus B2) and I've only got one (L).

Conmparison #5;"(D6“ ~ and you now have'the come

smount of koolade to drink or do you heve different

amounts to drink?) I'd say he had more than me, (Why do

you think it's difforent?) He has two of those (Bl plus

B2), he's got more, uh, iYou mean his is taller, is that

what you mean?) Uh-huh, (Anything else?) And his things

aren't as big around as that is D). *

Comparison 4, (Do " and you nov have the same

‘emount of koolade to drink or do you have different

smounts to drink?) 1'd say he still had mere than ne,

Why do you think it's different?) I have a bigger one
D) and . o o Well , , o it doesn't have as much koolade

.dn it as the small one does (C1). -
We'nqte thet S's replies are a replication of those cf five and six
year old Ss who £ail in Task P. They mirror the responses of children
whom'Piaget (1952) places in stage I, Our position is that eleven
year olds who are deprived of logicai permonence are looking at the
comparisons in Task P from a position that is very similar to that
of five and six year olds who .do not see logical permanence, This
‘finding would seem to further support that position. It raises .
serious queétion for Piaget, however, If the five and six year olds
are responding to the situation in Task P in a similar fashion as
that of eleven year olds, what genetlc significance can be given
to their respénses? Piaget attaches great genetic significance to

A his'children's_rQSponses: "By grouping the answers to ihe various

questions, it is possible to distinguish three stages (of develop-

ment) . ||6

6Italics and parentheses mine,
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Concluding comments

- The evidence therefore indicates that ehildren:five and eix
years of sage conservequantiti when given the proper expericnce,
Since they show stability*actoss time in their conserving, the
operation isvmegningful to-them.,These findiﬁgs eontradéet Pieget's
theoretical fermulation-which aaserts'thet these children are not
mentally equipped £o conserve quantit&. |

E 1t 1s also;evident that Piaget is measurieg the ontogenesis
of logieal ?ermanence beyend-the‘pefcepfual $1lusion which;'as ve
have seen, is quite different from conservation of quentity.

The findiﬁgs in this study have widespread edueatienal impli-
. eetions sinee'theyAshov that children 1h the kinderéarten (five year
group), with skillfui guidanee, work with qﬁantify as a meaningful
concept. These ¢hildren did so, furthermore, on the basis of only
one speclal session with E, using geometrieal eonfzgurations that
are fairly eomplex. Whlle the latter was necessary for our study,
this would obviously not have to be the case in an educational set-
ting. With these findings in view one may consider the relation
of the concept of quantity to the development of the concept of

.number in children's thinking. This is a problem for future research,




CHAPTER 1V
SUMMARY
| Piaget's theoretical fbrmulatlon is as rollows: The child's-

development of conservation of quantity ‘is characterized by three '
distinet yet inseparable stages. In the first stage the child cen
think only in terms of gross ‘quantity and therefore is not mentally
‘equlpped to underetand or grasp conservation, In the second stage
the child is eapable of logieal multiplieation in some instances
and in others he is not, Yet he is not mentally equipped to under-
stand conservetion. Only in the third stage can the child understand
the equating of differences and hence discover eoﬁservation of quan-
Uty L | -

It 22 the view of this investigator that children whom Piaget
wouid pihee in stages I and II ean,rwith a special experienee,.eon-
serve quantity, This position-ls contrary to Piaget who holds that
. these children are not mentally equipped to eoneerve quantity, It
is also our view that Plaget 1s meesuring\logical permanence beyond
the perceptual illusioe, which is different from conservation of
.quqntity. |

Control Ss in sach of two age groups (five and six years) were
given a complex task situation (Task P)‘that is typieai‘er represeﬁ-
tative of Piaget's work. These Ss were also given Teek M, a measure

of conservation of ﬁuantity that is independent‘of Piaget's theoret-

y* .
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jcal formulation., Prior to admzniatcring both of these tasks,
neutral task requiring an amount of time comparabie to that spent

between E and the expcrimcntal group was given. xpwrimental Ss in

. each of the five and sik year groups received a Jearnin¢ experience

which focused on logical permanence prior to their teking Task P,
| These Ss were a]so given a special cxpcrienco designed to faczlitate

tho discovery of conservation of quantity prior to their being given
">Task'M; which‘was followed in one week by R retest on Task M. Sg in
o clcven.yeaf group were then ceprifed of logical pcrmancnce prior
%o and during‘their’taking Task P, |

_ The results were that children five and six years of age -

conserve quantity whcn given thc proper expcrience and show stability
across time in their conserving, thercby indicating that the operation
is meaningful to them, It was also found that Piaget is measuring -
logical permanence beyond the pcrccptual 111asion, whmch is different
from conserVatlon of quantity, The findings have wideapread educa-
tional'implications since they show that children in the kindergarten,

with skillful guidance, work with quantity as a meaningful concept,




| APPENDIX I
EXAMPLES OF PIAGET'S PROCEDURE

Stage I: Absence of conservation

Lec, 5-6. (See Figure 13.) |

'Here are two glasses (Al half full of orangeade
and A2 slightly less full of lemonade,) The orangeade is
for you and the lemonade for Lucien, Lucien is cross
because he hes less, He pours his drink into these two
glasses (pouring A2 into Bl and B2), Who has more? - (Lac
looked at the levels) Me. = MNow you pour your drink into
. these two glasses (B3 and B4, the levels being 'thus slight-
‘1y higher than in Bl and B2), V/ho has more? - Me. - And
now Lucien takes this glass (Bl) and divides it hetween
these two (C1l and 02, which are then full, whereas B2
remains half-full). Who has more? - (Lac compared the
levels and pointed to glasses C) Lucien, - Why? - Because
the glasses get smaller (ond therefore the levels rise),
~ But how did that happen? Before it was you who had more
and now it's Lucien?! - Because there's a lot, -~ But how
did it happen? - We took some, - But where? - . « « -
And how? - o o o - Has one of you got more? - Yes, Lucien
(very definitely). - And if I pour all the orangeade and
a1l the lemonade into the two hiz glasses (Al end A2)
who will have more? - I shall (thus showing that he re-
membered the original position)., - Then where has the
* extra you had gone to? - , . . - What could you do to
have the seme amount as Lucien? You can use any of the
glasses, - Lac then took B3 and poured some of it into
C3, an empty glass, He filled it, and put it opposite
Lucien's C1 end C2, Then he compared B3 to Lucien's B2
snd saw that there was less in B3 than in B2, He then took
C3 again, poured. it back into B3, and then, showing great
disappointment, cried: 'But why was it quite full there
(¢3) and now (B3) it isn't full any longer?'

Stage II: Intermediary reactions

Fried, 6-5, (See Figure 13.)

(Fried) agroed that Al equalled A2. Al was poured
into Bl plus B2, 'Is there as much lemonade as orangeade?
- Yes, - Why? - Because those (Bl plus B2) are smaller
than that (A2). - And if we pour the orangeads (A2) as
well into two glasses (doing so into B3 plus B4, but
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-

putting more in B3 than in B4), is it the same?
- There's more orangeade than lemonade.' - (B3 plus
B4 thus seemed to him more than Bl plus B2),

A minute later he was given Al half full, and -
“ A2 only a third full, 'Are they the same? -~ No, there's . » ‘
more here (Al), - (Al was then poured into several .
glasses C) It's the same now as there (A2),' He finally | '
decided, however: 'No, it doesn't change, because it's
the same drink (i.e. Al equals C1l plus C2 plus C3 plus
C4 and Al is more than A2),' - S
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